The study investigated the effect of pre-exercise protein ingestion upon the oxygen consumption (Vo2), respiratory exchange ratio (R) and perceived exertion (PE) of athletes during treadmill running at intensities of approximately 60, 80, 90 and 100% of their V02mx. Seventeen female athletes aged between 17 and 22 years participated in the study. Subjects completed six assessment sessions, each being preceeded by one of the following dietary regimens: a protein solution ingested 3 h before assessment (P3), a protein solution ingested 1 h before assessment (P1) and the ingestion of water 1-3 h before assessment (B). The subjects' Vo2, R and PE were measured at all exercise intensities using standardized procedures. The results showed that P1 produced significantly higher values for Uo2 (P < 0.05) at all exercise intensities and was associated with an increased PE (P < 0.01). The findings could have implications for athletes when considering the composition of their pre-exercise meal, especially if performing in activities which require the participants to exercise close to or at their VO2max.
In resting individuals, recently ingested food has been found to induce a substantial increase in metabolic rate as measured by oxygen consumption1' 2. This is referred to as the specific dynamic action (SDA) of the food or its thermic effect.
According to Suttie3 the biochemical basis for this increase is not clearly understood; however, most authors agree that it is largely due to the metabolism of foods by the liver, while the processes of digestion and absorption have a relatively small effect. Research into the thermic effects of pre-exercise food upon normal and obese individuals during exercise4-8 indicates that an elevated oxygen consumption (V02) caused by the thermic effect of the food occurs during exercise as well as at rest. The research by ZahorskaMarkiewicz5 also concluded that in non-obese subjects the measured thermic effect was substantially larger during exercise than at rest. In addition, it was found that the I7O2max values of subjects are not altered after ingestion of food7.
Despite the recent research into the thermic effect of food on normal and obese individuals, relatively little research has been conducted using 'athletic' subjects working at relatively high exercise intensities. Some indication that pre-exercise food could affect athletic performance was reported by Bird and Hay9 who observed elevated heart rates in students of physical education during submaximal forms of exercise shortly after ingestion of protein and glucose. Upon completion of all six assessment sessions each dietary regimen was then ranked according to each subject's level of perceived exertion. A value of 1 was allocated to the regimen which was perceived by the subject to make the assessment session most difficult, a value of 2 to what was perceived to be the next most difficult regimen and a value of 3 to the regimen which resulted in the lowest level of perceived exertion. Where subjects did not perceive any significant difference in the difficulty of the sessions, the dietary regimens were ranked equally with each being allocated the mean of the rank scores. This data was then analysed using a Freidman two-way analysis of variance'6.
Results
Each subject's mean 102 and R values at each workload were calculated from the two replicate runs and the data analysed using two-way analysis of variance tests. Statistically significant differences between dietary regimens were then further analysed using 'least significant difference' tests. The coefficient of variance for the measurement techniques at exercise intensities of 60, 80, 90 and 100% were 4.71, 2.51, 2.89 and 2.85% for the 'Va2 measurements and 4.72, 4.02, 3.94 and 3.89% for the R values respectively. A summary of the data is presented in Tables 1 and 2 . The perceived exertion data is summarized in Table 3 . and Zahorska-Markiewicz5 but may be related to the size of the meal ingested, which was smaller in this investigation. The results of this investigation showed no significant difference in the magnitude of the thermic effect at different exercise intensities, and, therefore, agree with the findings of Segal et al. 7 The intermediate values for P3 would imply that whilst a small thermic effect could still be recorded after 3 h, the peak thermic effect of the protein occurred within 3 h of its ingestion. Assessment of the perceived exertion data indicates that the athletes found the P1 trials significantly (P < 0.01) more difficult than the B trials. These findings could suggest that despite the elevated Vo2 following the ingestion of the protein the additional Analysis of the R data revealed no significant difference between the B and P1 trials at any exercise intensity. The results would, therefore, suggest that the recent ingestion of protein does elevate the Vo2 of athletic individuals whilst exercising at relatively high intensities. The results would also imply that the observed elevated VO2 (thermic effect) is associated with the subjects perceiving the exercise to be more difficult. However, further research is required to investigate whether such effects are present during steady-state exercise and to determine the precise implications for the performance of the 'athlete'.
